osteotomy to the base of the remaining adjacent metatarsal base in an effort to close the defect can be avoided by using the plantar dermo-fat pad flap; thus, undesirable angulation of the remaining parts of the foot can be eliminated. The plantar dermo-fat pad flap also supports the weak articular capsule of the adjacent metatarsophalangeal joints while covering the amputated metatarsal end. The thick, healthy plantar soft tissue advanced up to the width of the deepithelialized area reestablishes a good, tough plantar surface which-in association with the pad effect of the flap-decreases the recurrence rates and provides comfortable ambulation. (Plast. Reconstr. Surg. 116: 1029 Surg. 116: , 2005 Lower-extremity ulcers challenge both patients with diabetes and those who treat them. Foot ulcers affect 15 percent of patients with diabetes. 1 Nearly 50 percent of all amputations are performed in diabetic patients. 2 A high proportion of foot ulcers in diabetic patients involve the toes. 3 If the ulcer and/or infection that has involved the toe extends into the joint and its distal and proximal bony components, amputation of the affected toe is unavoidable. Therefore, amputation of the toe at the level of the distal metatarsal head (partial ray amputation) or with total removal of the whole metatars (complete ray amputation) is a common surgical procedure in diabetic foot ulcers. Moreover, the infection and ulcer that have once penetrated into the metatarsophalangeal joint tend to invade adjacent metatarsophalangeal joints and bones, which makes amputation of more than one toe necessary. After ray amputation of the middle toe(s) (central ray amputation), variously sized defects occur between the remaining intact toes, depending on which and how many toes are amputated. It is difficult to eliminate this defect totally by means of traditional surgical techniques. Consequently, a dead space arises after closure of ray amputation defects, which increases the risk of faulty wound healing. Restoration of the anatomy of the plantar region impaired by ray amputation is also crucial. The aim of this study was to introduce a new technique promoting primary healing by minimizing the dead space with the plantar dermo-fat pad flap after ray amputation of middle toes in diabetic foot ulcers.
PATIENTS AND METHODS

Characteristics of Patients and Foot Ulcers
Records of the 84 patients with diabetic foot ulcers treated with ray amputation between January of 1995 and June of 2003 were reviewed. Forty-six patients undergoing ray amputation that included the first or fifth toes (border ray amputation) were excluded from the study because that procedure requires a different surgical intervention than the technique described in this article.
Thirty-eight patients who had undergone central ray amputation (15 women and 23 men) were incorporated in the study. The mean age of the patients was 60.7 years. The mean duration of diabetes mellitus before ulcer development was 19.78 Ϯ 1.84 years. Almost all patients had neuropathy. Two pedal pulses were palpable in 10 patients and only one pedal pulse was palpable in nine patients. The remaining 19 patients had no palpable pedal pulses. Twenty-two and 16 of all lesions were located on the right foot and the left foot, respectively. All ulcers were deep and infected with the involvement of bone, joint, and tendon. Necrosis was present in 17 lesions. Acute progressive infection was present in 14 cases.
In 14 patients presenting acute infection, debridement and drainage of the infection with the appropriate incisions and excisions were necessary to eliminate the necrosis and infection adequately before final closure. Broad-spectrum antibiotics were started as soon as samples were taken for microbiological assessment. After debridement, wet absorbing dressing was used at least twice a day and bedside debridement was also performed-if necessary-until the wound was ready for safe closure. The decision regarding the time of closure was made on the basis of the presence and amount of granulation tissue, drainage of the wound, and results of the microbiological test. All wounds were prepared within 2 to 3 weeks for closure with energetic local wound care. In addition to the dermo-fat pad flap, split-thickness skin grafts were required for these cases to cover the dorsal defect resulting from acute progressive infection that had spread through the foot dorsum leading to incision or excision. The remaining 24 patients presented with the lesion localized to their toes and without acute infections and were treated with ray amputation and dermo-fat pad flap without split-thickness skin graft at a single operation. Single-toe amputations were performed in 33 cases (third toe, n ϭ 17; fourth toe, n ϭ 9; and second toe, n ϭ 7). Multiple toe amputations were consisted of five cases in which second and third (n ϭ 2); second, third, and fourth (n ϭ 2); and third and fourth (n ϭ 1) toes were amputated.
Surgical Technique
A rhomboid, the axis of which intercepts the metatarsophalangeal joint of the toes to be amputated, was drawn on the plantar surface. A miniature triangle was also outlined at the lateral corner of the short axis (Fig. 1, second  row, left) . The area inside the drawing represented the region of deepithelialization. After deepithelialization (Fig. 1, second row, right) , the incision was made through the lateral border of the rhomboid to the deep plantar surface and dermo-fat tissue was dissected off this plane from lateral to medial. In this way, a medially based "plantar dermo-fat pad flap" was fashioned. Then, this flap was cut through the short axis and the incision was extended to 1 cm outside of the medial corner of the rhomboid that served as an area in which the miniature triangle was set. Thus, two dermo-fat pad flaps were constructed anteriorly and posteriorly (Fig. 1, third row, left) . By suturing free edges of these flaps to the subcutaneous dorsal surface of the foot, the dead space was filled and the stump of the amputated metatars(es) was covered (Fig. 1, third row, right) . Division of the flap along its short axis is an important technical point of the surgical technique and introduces significant benefits 1 ; increasing the plantar to dorsal mobility of the flap, which makes the adaptation and suturing of the flap uncomplicated, 2 covering the stump of the amputated metatars, and filling the dead space is more precisely carried out with the posterior flap.
Plantar incision was closed with interrupted absorbable subcutaneous and nonabsorbable cutaneous sutures (Fig. 1, below, left) . Afterward, skin of the dorsal surface was reshaped by the proper excisions and another triangleshaped flap was usually created on the side opposite to that of the plantar surface. The dorsal surface was closed with interrupted absorbable subcutaneous and nonabsorbable cutaneous sutures. In cases with dorsal soft-tissue defects, split-thickness skin grafts were used for dorsal closure. Then, one or two capillary drains were placed deeply into the wound. A "short-leg cast splint" was set. Weight bearing was not allowed for 2 to 3 weeks. Figure 2 shows a schematic illustration of the planning.
RESULTS
All operations and follow-up were performed by the same author. The mean follow-up period was 3.56 years (range, 6 months to 8 years).
There were no intraoperative or early postoperative complications. All patients were discharged within 5 days after the operation. Healing time was uneventful in all patients except three (8 percent). Minimal wound dehiscence on the suture sites was encountered in these patients, which completely healed with local wound care and without surgical intervention. No patient showed signs of ulceration or breakdown at the operative area during the follow-up period. The mean time to total healing was 40.31 Ϯ 34.56 days. Time to total healing of 78 percent of patients was between 15 and 45 days.
Time to total healing of patients with nonpalpable pedal pulses (n ϭ 19) and at least one palpable pedal pulse (n ϭ 19) was 40.74 Ϯ 31.08 and 39.82 Ϯ 39.05 days, respectively. Mean time to total healing in patients presenting initial acute infection and requiring splitthickness skin grafting (65.92 Ϯ 46.61 days) was found to be higher than in those without initial acute infection and split-thickness skin grafting (25.83 Ϯ 10.38 days). This difference resulted from the fact that the preparation of the wound with acute infection had required more time for elimination of the infection and necrosis before ray amputation. In addition, total healing of the skin graft takes more time than the primary suture does even if minimal partial graft loss is present.
DISCUSSION
Foot ulceration and infection are leading causes of hospitalization for diabetic patients. 4 Attempts at primary closure of diabetic pedal ulcers frequently yield unsuccessful results that increase the time for healing and hospitalization. Inappropriate assessment of the wound and defect, lack of proper evaluation of the comorbidities, and an inadequate treatment plan were reported as main factors responsible for this faulty wound healing. 5 Foot ulcers on the toes are frequently seen in the diabetic foot, which usually end up with toe amputation and even ray amputation if the infection and ulcer have penetrated into the metatarsophalangeal joint. Articular surfaces, the capsule, and periarticular structures of the metatarsophalangeal joint are hypovascular tissues. Necrosis easily develops if they are left open. Once the infection reaches the metatarsophalangeal joint, it can simply spread throughout all articular structures, which makes surgery the only option for treatment. Delicate, careful surgery is crucial to avoid causing any damage to healthy but weak capsules of the adjacent metatarsophalangeal joints. Otherwise, infection can easily extend into the nearby metatarsophalangeal joints, which makes subsequent multiple toe amputations unavoidable. Therefore, the extent and severity of infection are important determinants affecting the outcome of final closure. 6, 7 To establish secure closure without tension is difficult in multiple central ray amputation in the diabetic foot. 8 An osteotomy to the base of the fifth metatars was recommended to facilitate closure of the defect after removal of multiple central rays. Thirty-seven percent of cases (n ϭ 14) in our series had varied sizes of soft-tissue defects on the dorsal surface of the foot because of the acute progressive infection affecting the dorsal foot that required incision or even excision. We noted that it could be safely closed with split-thickness skin grafting, and the dead space from ray amputation was managed with the plantar dermo-fat pad flap. In these cases, the plantar dermo-fat pad flap offers a reliable recipient bed to the skin graft by filling the dead space. In addition, it eliminates the osteotomy to the adjacent metatarsal base or removal of the whole ray to facilitate closure.
Because the final closure should be performed after elimination of necrosis and infection, serial debridement and drainage by using incisions, excisions, toe amputations, and so forth are of an important first step in the treatment of diabetic pedal ulcers with acute progressive infection. Bed rest with elevation of the affected extremity and antibiotic therapy are also essential components of management. 2 We noted that "wet-absorbing dressing" with the 0.09% NaCl solutions is more effective for elimination of infection and necrosis than expensive wound-care materials. 9 -11 Adequate blood supply to the foot is also a crucial determinant for achieving successful results with surgery. The dermo-fat pad flap has a wide pedicle and length-to-width ratio within 1:1, which makes the flap reliable. Although at least one palpable pedal pulse is sufficient for using this flap, we successfully performed this operation on patients with no pedal pulses. If a nonpalpable pedal pulse is present in a patient who is not suitable for limb revascularization, success can only be achieved in the precisely selected patient. We believe that warmth, color, bleeding of the foot during debridement, and marks of secondary healing in the wound after debridement are clinical observations that are as important as the status of pedal pulses. A nonpalpable pedal pulse is not an absolute contraindication to the use of the dermo-fat pad flap, provided the surgeon is capable of assessing the wound.
CONCLUSIONS
New flap models introduced into plastic and reconstructive surgery during the last decades have provided important benefits to closure of challenging and complex defects of the human body. However, the foot seems to be omitted from this development. The plantar dermo-fat pad flap has important advantages. It promotes and allows primary wound healing after ray amputation in diabetic foot ulcers by filling the dead space. After central ray amputations, an osteotomy to the base of the remaining adjacent metatarsal base in an effort to close the defect can be avoided by using the plantar dermo-fat pad flap; thus, undesirable angulation of the remaining parts of the foot can be eliminated. The plantar dermo-fat pad flap also supports the weak articular capsule of the adjacent metatarsophalangeal joints while covering the amputated metatarsal end. Also, the thick, healthy plantar soft tissue advanced up to the width of the deepithelialized area reestablishes a good, tough plantar surface that, in association with the pad effect of the dermo-fat pad flap, decreases the recurrence rate and provides comfortable ambulation.
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